Objective: Soft-tissue sarcoma is a heterogeneous disease that frequently includes the development of pulmonary metastases. The purpose of this study is to determine factors associated with improved survival among patients with soft-tissue sarcoma to help guide selection for pulmonary metastasectomy.
Although soft-tissue sarcoma (STS) is considered an uncommon disease, its incidence has nearly doubled during the last 2 decades. Approximately 12,000 new cases are diagnosed in the United States annually, with nearly 5000 deaths. 1 Adding to the difficulty in studying and treating this relatively uncommon disease, sarcoma represents a heterogeneous spectrum, with at least 80 subtypes identified. 2 Pulmonary metastases develop in up to 50% of patients with STS. [3] [4] [5] [6] [7] Sarcomas disseminate hematogenously, with lymphatic metastases (which are associated with predominately epithelioid subtypes) occurring infrequently. 2, 8 For most histologic subtypes, the lung is the primary location of sarcomatous tumor seeding. 2 The 5-year overall survival (OS) across all subtypes of sarcoma is approximately 65%; 5-year OS for patients with pulmonary metastases ranges from 15% to 52%. 1, 3, 9, 10 Furthermore, more than one half of patients who undergo complete gross resection experience recurrence of pulmonary disease. 8, 11, 12 In the absence of effective systemic therapies, metastatic STS remains a challenge to treat.
Pulmonary metastasectomy (PM) is well accepted for the treatment of selected patients with metastatic STS, with its use based on the rationale that clearance of metastatic disease is associated with improved patient outcomes. 3, 5, 8, 10 Patients who have undergone PM for STS have been found to survive 22 months longer than patients treated with nonoperative therapy. 3 Similar benefits have been observed for patients with other solid tumors. 8, [13] [14] [15] Patient selection plays an important role in determining who may benefit from surgery, but indications related to outcomes remain unclear. There are no established guidelines for the performance of PM, and decisions to operate are often made on a case-by-case basis. 16, 17 Prognostic factors associated with survival have been identified but, in general, were derived from small series or mixed and heterogeneous registries. [7] [8] [9] 12, 18, 19 Bone sarcomas, for example, often are included with STS but may be managed with a different algorithm, given their responsiveness to chemotherapy. 20 The purpose of this investigation was to identify factors associated with longer OS and disease-free recurrence after the first resection via the use of a large single-institution database of patients undergoing PM for STS. The identification of these factors will help thoracic surgeons determine which subset(s) of patients are most likely to benefit from PM.
PATIENTS AND METHODS Patient Selection
The Thoracic Service at Memorial Sloan Kettering Cancer Center (MSKCC) prospectively maintains a database of patients undergoing PM for primary STS. From this database, we identified 803 patients who underwent PM for sarcoma between September 1991 and June 2014. Patients who had primary bone sarcomas (n ¼ 35), underwent diagnostic resections (n ¼ 194), underwent a PM at an outside hospital (n ¼ 29), or did not undergo resection of their primary tumor (n ¼ 6) were excluded. The remaining patients (539 who underwent 760 therapeutic-intent PMs) were reviewed ( Figure 1 ). Patients were censored on the date of death or on the date of the last follow-up. We previously reported on 123 (23%) of these patients, as part of an earlier (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) review. 3 All data were collected with the approval of the Institutional Review Board at MSKCC.
Clinicopathologic Variables
Clinicopathologic variables related to each patient's demographic characteristics, primary tumor, metastatic disease, and medical and surgical treatment were obtained. Primary tumor histologic subtype, grade, and size were identified by review of pathology reports. Pathologic slides from outside institutions were obtained for internal verification of diagnoses, in the majority of cases; if slides were unavailable, external reports, at a minimum, were reviewed. Primary histologic subtypes represented by <10 patients were categorized as ''other.' ' The initial disease-free interval (DFI) was defined from the time of primary tumor resection to the development of metastases, as defined by radiologic or pathologic evidence of disease. As previous studies have found significant differences in survival at 12 and 24 months, 10, 12 we evaluated recurrence by intervals of <6 months, between 6 and 12 months, between 12 and 24 months, and >24 months from resection of the primary tumor. Type of operation (minimally invasive or open), extent of resection (wedge resection, lobectomy, or pneumonectomy), and number of metastases resected were obtained by review of operative reports; completeness of resection was evaluated by the use of operative 
Survival
OS and disease-free survival (DFS) were the primary endpoints of this study. OS was defined from the date of the first PM to the date of death or last follow-up. Date of death was obtained from clinical documentation or from information available through the Social Security Death Index. DFS was defined from the date of the first PM to the date of the first relapse at any site, as documented by radiologic or pathologic evidence, or the date of death from any cause (if without recurrence) and censored at the date of the last follow-up. For patients who had an R1 or R2 resection, the date of surgery was listed as the date of recurrence. Follow-up was conducted either at MSKCC or through local oncology offices with documentation transmitted to our institution. In the absence of this information, physician offices were contacted with regard to updates on recurrence and/or further treatment.
Statistical Analysis
OS and DFS were estimated by the Kaplan-Meier method, and associations between factors and survival were analyzed by use of the log-rank test and univariable Cox proportional hazards model. The number of nodules was dichotomized on the basis of the method of optimal cut-point estimation, which uses a maximally selected log-rank statistic to choose the cut-point that best stratifies the cohort. 21 For the variable dichotomized by using the optimal cut-point method, P values were adjusted for optimal search. 21 Key interactions between factors of interest were examined via a Cox proportional hazards model for OS and DFS, including both main effects and the interaction term.
For multivariable models of OS and DFS, variable selection was guided by the all subset method with Akaike information criterion, 22 including main and interaction terms with P < .1 from the univariable analyses. On the basis of the published literature identifying factors associated with OS and DFS in this population, 3, 10, 19 some variables were chosen to remain in the multivariable models regardless of significance: histologic subtype of the primary tumor, grade of primary tumor (low vs high), and resection status (R0 vs R1 or R2). Overall P values of categorical factors were calculated on the basis of Wald tests of linear hypotheses of the dummy variables. All statistical tests were 2-sided, and P < .05 is considered statistically significant. Statistical analyses were performed with R (version 3.0.1; R Development Core Team, the R Foundation for Statistical Computing, Vienna, Austria) with the ''maxstat'' and ''glmulti'' packages and Stata 13 (StataCorp, College Station, Tex).
RESULTS

Patient Demographic and Clinical Characteristics
Records for 539 patients were reviewed. Median age at diagnosis of the primary tumor was 51 years (range, 9-88 years), and median age at first PM was 54 years (range, 15-90 years); 58% (n ¼ 312) of patients were female. The primary tumor was resected at MSKCC for 275 patients (51%). Clinicopathologic characteristics are listed in Table 1 . Leiomyosarcoma was the most common histologic subtype (n ¼ 169, 31%), followed by pleomorphic sarcoma (PS)/malignant fibrous histiocytoma (MFH) (n ¼ 130, 24%). The most common location of the primary tumor was the extremities (n ¼ 249, 46%). Most tumors were high grade (n ¼ 470, 87%); 204 (38%) were >10 cm.
The majority of patients (n ¼ 373, 69%) presented with pulmonary metastases only. A smaller number of patients presented with a simultaneous local recurrence (n ¼ 48, 9%), extrapulmonary metastases (n ¼ 38, 7%), or both (n ¼ 9, 2%). Synchronous metastases were present in 71 patients (13%). Time to development of metastases from resection of the primary tumor was <6 months for 63 patients (12%) and >24 months for 176 patients (33%). Median time from diagnosis of the primary tumor to the development of metastases was 15.6 (25th, 75th percentile, 7.5, 35.9) months. A single pulmonary metastasis was identified in 229 patients (43%), whereas 138 patients (26%) had 5 lesions (range, 1-34 lesions).
Seventy percent of patients (n ¼ 377) underwent PM as their initial treatment; 30% (n ¼ 160) received induction chemotherapy for their metastases. At least one benign nodule was excised in 174 patients (32%); in total, 329 noncancerous lesions were resected. All patients included in this analysis had at least one malignant lesion demonstrated on pathologic examination. Wedge resection was the most common type of resection performed (n ¼ 422, 78%). Complete (R0) resection was achieved in 91% of patients (n ¼ 490). After the initial PM, 49 patients (9%) remained without evidence of disease and did not require further treatment. Whereas most of these patients underwent wedge resections and were treated with surgery alone, 27% (n ¼ 13) underwent lobectomy and 27% (n ¼ 13) also received preoperative chemotherapy. In contrast to patients who experienced a recurrence, patients in the disease-free group were more likely to have had a low-grade primary tumor (P ¼ .017) and a smaller number of pulmonary metastases (P ¼ .001). Twenty-nine percent of patients (n ¼ 154) underwent repeat PM.
OS and DFS
Median follow-up after the first PM was 27 months (range, 0-244 months). Median OS was 33.2 months (95% confidence interval [CI], 29.9-37.1 months), and 5-year survival was 34% (Figure 3 Figure 3 , B). After R0 pulmonary resection, 63% of the total cohort (n ¼ 341) experienced a recurrence in the lungs, 34% (n ¼ 184) experienced recurrence only in the lungs, and 74% (n ¼ 397) developed recurrence at any site. Among patients with a solitary pulmonary metastasis, 72% (165/229) experienced recurrence at any site, 60% experienced recurrence in the lungs with or without extrapulmonary recurrence, and only 12% developed an isolated extrapulmonary recurrence. The median DFS in this group was 10.6 months, compared with 4.2 months for patients with >1 nodule (P <.001).
The relationships between OS and various clinicopathologic factors are shown in Table 2 . Histologic subtype and size of the primary tumor were significantly associated with OS. Patients who underwent PM for PS/MFH had the shortest median OS (23.6 months), whereas those who underwent PM for leiomyosarcoma had a median OS of 42.0 months (P ¼ .001; Figure E1 , A). Although fibrosarcoma was associated with the longest median OS (65.2 months), it is notable that 42% of patients with this histologic subtype had low-grade primary tumors. Patients with smaller (10 cm) primary tumors had an OS of 35.6 months, compared with 26.0 months for those with tumors >10 cm (P ¼ .004). Low-grade primary tumors also were associated with better survival (P < .001). No significant differences were observed between patients aged <50 years and those aged 50 years (P ¼ .832). Differences in OS were observed on the basis of disease presentation: synchronous pulmonary metastases, metachronous pulmonary metastases only, and metachronous pulmonary metastases with local recurrence and/or extrapulmonary metastases (P < .001). Presentation with metachronous pulmonary metastases only was associated with the longest OS (37.1 months). Interestingly, although their numbers were small, patients presenting with synchronous pulmonary metastases did not have worse OS. Follow-up analysis demonstrated that a large proportion of these patients (42%) had a primary histologic subtype of leiomyosarcoma. Additionally, patients with synchronous pulmonary metastases were more likely to have received chemotherapy before surgery (58% vs 26%; P < .001), and 73% of these patients experienced stability or regression of disease with treatment. Analysis of DFI ( Figure E1 , B) demonstrated that patients who developed pulmonary metastatic disease within 6 months of resection of their primary tumor had significantly worse survival than patients who developed metastases >2 years after resection (P < .001). Likewise, >1 metastasis was associated with a decrease in OS of 19 months (P <.001).
Differences in OS also were identified on the basis of type of treatment. Patients who underwent chemotherapy before PM had poorer OS than patients who underwent surgery as the first treatment modality (P < .001). Patients with synovial sarcomas (46%) and PS (30%) most commonly received chemotherapy. Patients with a greater number of pulmonary metastases (P < .001) and those with extrapulmonary metastases (P<.001) also were more likely to receive chemotherapy. This finding likely reflects a patient selection bias based on initial burden of disease. Median OS for patients who underwent minimally invasive resection was 44 months, compared to 30 months for patients who underwent open PM (P ¼ .007; Figure E1 , C). Similarly, R0 resection was associated with a survival benefit of 8 months in terms of median survival, compared with R1/R2 resection (33.8 months [95% CI, 30.8-39.2] vs 25.4 months [95% CI, 16.5-31.5]; P ¼ .003). Patients with a greater number of pulmonary metastases were more likely to undergo an open procedure (P <.001) and were more likely to have an R1 or R2 resection (P < .001). There was no difference in the rate of R0 resection between open and minimally invasive procedures (10% in open vs 7.7% in minimally invasive procedures; P ¼ .5). Sublobar resection was associated with better OS, compared with more-extensive procedures such as lobectomy or pneumonectomy (P ¼ .035)-this, again, is likely a reflection of the burden of disease.
The majority of patients (74%) experienced a relapse at any site after R0 resection. As was observed for OS, primary tumor histologic subtype (P ¼ .044), size (P ¼ .019), and grade (P ¼ .001) were associated with DFS: PS/MFH tumors, tumors >10 cm, and high-grade tumors were associated with shorter DFI. Patients with synchronous metastases (P <.001) and those with >1 lesion (P <.001) also had shorter DFS. Neither type of surgery nor extent of resection was significantly associated with DFS (P ¼ .121 and P ¼ .59, respectively).
Univariable and Multivariable Analyses of OS and DFS
Results from univariable and multivariable Cox models for OS are reported in Table 3 . In univariable analysis, year of pulmonary resection as a continuous variable was not significantly associated with hazard of death (P ¼ .2). There were no significant interactions between prespecified clinical covariates of interest in terms of hazard of death (Table E1) . Leiomyosarcoma was associated with a reduced hazard of death, compared with PS/MFH (hazard ratio [HR], 0.66; 95% CI, 0.48-0.89; P ¼ .007). Primary tumor size remained significant on multivariable analysis: tumors >10 cm had an associated greater hazard of death (HR, 1.38; 95% CI, 1.10-1.73; P ¼ .006). Site of primary tumor was not selected into the final model despite being significant in the univariable model (overall P ¼ .0011). Interestingly, histologic grade was not associated with risk of death (HR, 1.23; 95% CI, 0.79-1.91; P ¼ .4). DFI of at least 1 year before the development of metastatic disease was associated with improved prognosis, compared with <6 months (HR, 0.54; 95% CI, 0.37-0.79; P ¼ .001), with >24 months being most beneficial (HR, 0.47; 95% CI, 0.32-0.69; P <.001). Having >1 pulmonary metastasis was associated with reduced survival (HR, 1.57; 95% CI, 1.21-2.02; P ¼ .001). The presence of synchronous extrapulmonary sites of disease was significantly associated with hazard of death (overall P ¼ .0013). Compared with pulmonary metastases only, simultaneous local recurrence (HR, 1.89; 95% CI, 1.29-2.77; P ¼ .001) and simultaneous extrapulmonary metastases (HR, 1.78; 95% CI, 1.15-2.74; P ¼ .009) were associated with greater hazard of death. Minimally invasive resection (HR, 0.73; 95% CI, 0.56-0.96; P ¼ .023) additionally was associated with a reduced risk of death. Extent of resection (P ¼ .3 for lobectomy, P ¼ .2 for pneumonectomy, compared with wedge resection) and completeness of resection (P ¼ .7) were not associated with hazard of death.
Univariable and multivariable Cox models for the hazard of disease (recurrence or death) are presented in Table 4 . In univariable analysis, year of pulmonary resection as a continuous variable was not significantly associated with hazard of death (P ¼ .4). There were no significant interactions between prespecified clinical covariates of interest in terms of hazard of disease (Table E2) . Few factors were associated with a reduced risk of recurrence on multivariable analysis. Greater than 1 pulmonary metastasis (HR, 1.81; 95% CI, 1.44-2.28; P <.001) was associated with a greater hazard of recurrence or death. 
DISCUSSION
Traditional factors for the consideration of PM include control of the primary tumor, complete resection of disease, and the absence of a better alternative treatment. 23, 24 Previous studies have reported a survival benefit with PM. 3, 7, 8 The International Registry of Lung Metastases analyzed the long-term survival of 5206 patients undergoing PM, of whom 2173 had primary sarcoma. Their findings demonstrated that resectable disease, longer DFI, and solitary pulmonary metastasis were associated with improved OS. The recurrence rate after PM, for combined bone sarcoma and STS, was 64% in their analysis. 8 Our results indicate that therapeutic-intent PM for STS can be associated with prolonged survival. The median survivals in our study (OS, 33.2 months; DFS, 6.8 months) are comparable with those in previous studies. 3, 7, 19, 25 Furthermore, we have identified positive prognostic factors, including leiomyosarcoma histologic subtype, primary tumor size 10 cm, DFI 1 year, absence of synchronous extrapulmonary metastases or local recurrence, and singular pulmonary metastasis. Longer DFI, presentation with metachronous pulmonary metastases only, and 1 pulmonary metastasis were associated with longer DFS.
Histologic subtype has been variably reported as a prognostic factor for survival. A recent study examining 155 patients who underwent PM for bone sarcoma (n ¼ 47) or STS (n ¼ 108) found longer OS among patients with leiomyosarcoma and shorter OS among patients with liposarcoma or synovial sarcoma. 19 Other reports, however, failed to find a difference in OS between sarcoma subtypes. 9, 10, 25, 26 Moreover, associations have been inconsistently found for age at treatment, grade of the primary tumor, and extent of lung resection. 9, 10, 19, 27 The present study differs from previous publications in that we used a larger single-institution cohort, which increases the power to potentially identify significant differences, and we focused on STS exclusively to enhance the homogeneity of the study population.
As mentioned, complete resection of metastases has been touted as an important determinant of outcomes. 3, 8, 10, 13, [27] [28] [29] However, recent publications have demonstrated that positive margins are not associated with shorter OS. 9, 19, 30 Our findings similarly failed to demonstrate a significant difference in survival, presumably because of the small numbers of such resections (R1 ¼ 3%; R2 ¼ 6%). This may reflect the accuracy with which we selected patients to operate on, as R0 resection was achieved in >90% of patients who underwent PM for STS in our study.
Open versus minimally invasive metastasectomy has been debated with respect to resection of all pulmonary metastases. 25, 31 More than 25 years ago our group previously reported that manual palpation of the lung identifies up to 25% more pulmonary metastases than computed tomography scan. 32 Even though computed tomography technology has improved, a 20% failure rate for detection of pulmonary metastases still exists, when intraoperative assessment is compared with preoperative imaging. 31 However, not all nonimaged lesions are cancerous. 31 In our study 18% of patients undergoing minimally invasive resection had at least 1 noncancerous lesion excised, compared with 38% in the open group (P<.001).
In this contemporary study, we observed a robust increase in the use of MIS over time. Our results illustrate that minimally invasive resections are not associated with shorter OS or increased risk of recurrence. MIS is most commonly used for peripheral, low-volume metastatic disease-81% of minimally invasive cases (n ¼ 126) were for resection of 1 or 2 pulmonary metastases. The reduced risk associated with MIS is likely secondary to patient selection factors. Other recent studies have noted improved survival with minimally invasive resections for similar reasons.
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A current clinical trial on the role of PM for colorectal cancer metastases aims to discern whether PM increases OS relative to observation. 7, 33 Results are still pending and may not be readily extrapolated to STS, which is a more difficult disease to study in a randomized, prospective manner given the relative low incidence of the disease. Currently, the existing literature on STS suggests that failure to perform PM predicts worse survival. 3, 5 Our results indicate that the preoperative determination of disease characteristics can assist surgeons in selecting patients who may achieve longer survival with PM. Disease management teams, used at our institution with the goal of evaluating the aforementioned prognostic factors, provide a multidisciplinary approach in determining appropriate treatment, which may include not performing a PM. The excellent result of a 90% R0 resection rate supports PM for sarcomatous pulmonary metastases.
Several limitations exist in our study. First, STS is a heterogeneous disease with varied histologic subtypes that we have analyzed collectively. We also acknowledge there is no control group with which to compare outcomes, and we are thus unable to directly evaluate patients who underwent PM versus those who underwent observation. The number of metastases used in our analyses was based on operative and pathologic reports performed to confirm that lesions removed were malignant. We acknowledge, however, that the decision to operate will factor in the number of lesions identified on preoperative radiography. For patients with extrapulmonary sites of disease, data on treatment of these other sites were not available, and we are unable to further stratify survival by this variable. Last, confounding factors exist in determining prognostic factors for survival. To this extent, we have used a multivariable analysis inclusive of such factors, but yield that prospective data would provide higher-level evidence. While the evolution of precision medicine has led to its expanding role in cancer treatment, the rarity and heterogeneity of STS have challenged its implementation for this disease. 34 The underlying mechanisms governing metastases in these mesenchymal cancers are not fully understood. 35 Cytotoxic agents remain first-line treatments for metastatic STS, and survival remains poor. 20 However, initial efforts in genomic profiling for STS are now finding some success in identifying putative targets. Sarcomas arising from the bone and gastrointestinal stromal tumors are 2 established examples in which specific translocations and mutations have guided treatment strategies. 2 At least one targeted drug, the tyrosine kinase inhibitor pazopanib, is now approved as a second-line therapy for metastatic STS. 34 Additional therapies aimed at the insulin growth factor and mTOR pathways, as well as at mutations in ALK or MET, are undergoing clinical trials. 20 
CONCLUSIONS
Using a large, prospectively maintained, singleinstitution database, we have identified prognostic factors for patients with metastatic STS undergoing PM. Until a randomized clinical trial for STS pulmonary metastases is completed, if ever, PM will continue to be viewed as an effective management strategy for selected patients with this disease. While we continue to pursue a better understanding of the underlying mechanisms governing the biology of STS metastases and further identify druggable targets, PM remains the best available treatment for STS pulmonary metastases.
Webcast
You can watch a Webcast of this AATS meeting presentation by going to: http://webcast.aats.org/2016/Video/Monday/ 05-16-16_Ballroom_IV_1615_Chudgar-800.mp4.
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Discussion
Dr G. Walsh (Houston, Tex). Congratulations, Neel, on a very nice presentation. I have been told that you are a general surgical resident who is doing research in thoracic surgery. I know that everyone in the room would share my sentiments that we hope you continue your interests in thoracic surgery, and maybe thoracic oncology, and I'm sure that there are some program director scouts out there right now who are taking note. Good work.
Dr Chudgar (New York, NY). Thank you. Dr Walsh. This will be an often-cited manuscript, as it represents, at least in my review, the largest series of patients undergoing resection for soft-tissue sarcomas. It is an important retrospective analysis of a prospective database that Dr Murray Brennan had the wisdom to start in your institution back in 1982, and I have read recently that it has more than 10,000 surgical patients, and this is going to be another one of a number of very impactful reports that has come from your institution.
Pulmonary metastasectomies for sarcomas and other solid tumor metastasis is a pretty common referral and a common operation that most of us do, especially those of us who work in cancer centers. The patients do well postoperatively and often are followed by their medical oncologist. Although we will see them back for re-resection, as you pointed out, it's hard to get a real sense of the denominator of the problem, the number of people presenting to your institution, and the long-term outcomes. I think this is where your paper will be of such importance for us in helping us with patient selection and having the appropriate discussions with patients in our clinics.
As you know, these patients really have few options, and it is very difficult as a surgeon to observe a patient who has resectable disease. There has never been a randomized trial to help us answer the question: Are we really helping these patients or merely selecting patients with a more indolent biology to undergo an operation? Dr Tom Treasure has written a very nice systematic review of this in BMJ looking specifically at that and has started a European randomized study for colorectal patients to answer that question. I don't know if we could ever do that in North America or with sarcomas because it is such a heterogeneous group.
I have four questions, and I won't ask them all at one point. I am going to start with the hardest question, which is really the crux of the dilemma: your review demonstrates that the disease-free interval after resection was 6.8 months, yet one third of the patients survive 5 years. I want to know your thoughts since you are now the world's expert on resection of sarcomas. Is this surgical selection or biology with which we are dealing?
Dr Chudgar. Thank you for your comments, Dr Walsh, and thank you for reviewing our paper. I don't know that I am quite yet the world's expert, but I'll try.
You are correct, we did have a relatively short disease-free interval compared with the longer overall survival. This is a phenomenon that we have seen in other reviews as well; a paper from UCLA published within the last year, as well as, I believe, from the MD Anderson group. I think this does in part likely have to do with the patient's underlying tumor biology. This is a selected group of patients to begin with when we decided they were going to go to the operating room. These patients who recur after their pulmonary resection, I think that same disease biology that landed them into the resectability group to begin with will continue to have that association with their overall survival. So I do think there is a fair part of it that is our ability, with guidelines like these, to be able to select patients who have a more favorable tumor biology that will allow for a longer overall survival.
Dr Walsh. Do you think we ever could do a randomized study?
Dr Chudgar. I think you pointed to one of the main difficulties that we would be posed with in trying to perform one of these. Soft-tissue sarcomas are 1% of all cancers, so it is a much rarer disease. When we look at the trial going on in the United Kingdom led by Tom Treasure that you referred to, the PulMiCC trial, this is looking at colorectal cancer, which is a significantly greater incidence compared with sarcomas. When I was looking through some of their data, I believe it was going to take them approximately 15 years to accrue the number of patients that they felt was necessary for the trial. If we apply something like that to the case of soft-tissue sarcomas, I feel like we will run into the case of potentially not being able to meet the criteria and the power necessary to really find meaningful differences. It would provide the best level of evidence, absolutely, and I think what Dr Treasure is doing is certainly the right thing to get an answer, but I think it would be very difficult to do that for a disease like sarcoma. Dr Walsh. So we can't do the randomized study. There were 200 patients in your study who had a diagnostic thoracotomy. Now, I don't know whether those patients just had too much disease, or could those patients be used perhaps for a propensity match to your 500 patients in your cohort who did undergo a pulmonary metastasectomy?
Dr Chudgar. That is a great question. The patients who were in that group of patients, about 200, those were patients who had the intent of going in for diagnosis early. Those were not just patients in whom the surgeon went in and realized that they were unresectable at the time. It was with a diagnostic intent. The idea of doing a propensitymatched analysis would definitely give us a higher level of evidence compared with what we have now. The one concern I have is with trying to match the two groups, a resected group versus a nonresected group, that the 2 groups might be different enough that it would be difficult to get the right power to keep our numbers up. A potential way to do this could be using something like inverse probability weighting. That is something that we could consider trying if we don't have enough power in doing a propensity match. I think that is a good way to try to at least compare the two groups in a more controlled fashion.
Dr Walsh. Your group had written a paper in the 1990s, the first look at this database, and had looked at the disease-free interval after patients who had had their second pulmonary metastasectomy. Do you have the disease-free interval for that group of patients, the third that went back and were re-resected?
Dr Chudgar. That is the current thing that we are now looking into. We want to look at the cohort of patients, the 29%, who had a repeat resection following the initial data that we presented here. We don't quite have the exact disease-free interval yet. When we look at all of the patients who have a pulmonary recurrence after an initial metastasectomy, we do note that in the patients who undergo a next operation, those patients have a longer disease-free interval from the first resection to their upcoming recurrence. I would hypothesize that this group at their second metastasectomy would have a longer disease-free interval. These data should be hopefully on the way soon. I think shortly that I might be able to provide a better answer than that.
Dr Walsh. The last question is a practical one. You go back to your clinic this Friday and you see a patient who has a high-grade tumor, the original tumor was 11 cm from their extremity resected 6 months ago, and they have 4 lesions in the lung. What are you going to do for that patient who is looking at you right now with resectable disease, and have you thought of using this very powerful database to do, say, a nomogram to help surgeons have that sort of difficult conversation with a patient?
Dr Chudgar. A patient presenting with that many negative factors, I think based on the data that we have presented today, would be probably on the side of not undergoing a pulmonary metastasectomy. That being said, I think every patient has to be viewed individually, and a nomogram would be something that would be much more helpful and something that we are working on with our biostatisticians so that we can kind of get a collective predictive value of all of the different disease factors that a patient will enter your office with so that we can kind of more accurately predict where their survival curve might exactly lie. I think the other important part, though, when we are deciding on whether or not to operate on these complex patients is to make sure we institute some sort of multidisciplinary meeting or group that will look at a patient from the surgeon's aspect and the medical oncologist's aspect. These are often difficult patients to treat and it helps to kind of have all hands on board. That is something that we do at our institution.
Dr Walsh. Thank you. Dr M. Cypel (Toronto, Ontario, Canada). This is a very nice study. Congratulations. This is very helpful information, especially the subtypes of soft-tissue sarcoma and the prognostic factors related to that.
Have you tried to combine some categories of high risk versus low risk, as the registry initially stratified, in groups, which could help?
Dr Chudgar. Yes, we want to. We are working on that. Dr W. Klepetko (Vienna, Austria). I very much enjoyed this study. In your data you just restricted to patients with intrapulmonary metastases. Now, the reality is that not infrequently we see patients with one solitary metastasis involving adjacent structures needing an extended resection. Were these patients completely excluded from this study or is your policy not to operate on those patients? Dr Chudgar. There was a subset of patients who did have extrapulmonary but within-the-chest disease, whether it was pleural disease or disease at the diaphragm. So we did consider those patients within our study. They were not excluded. FIGURE E1. Kaplan-Meier curves of overall survival by (A) primary histology, (B) disease-free interval, and (C) type of surgery. LMS, Leiomyosarcoma; PS, pleomorphic sarcoma; MFH, malignant fibrous histiocytoma; MPNST, malignant peripheral nerve sheath tumor; CI, confidence interval; OS, overall survival; DFI, disease-free interval; MIS, minimally invasive surgery. 
